The Israeli army used queuing analysis, simulation, and decision-support modeling to redesign its recruitment procedures. The analysis and simulation helped it to achieve significant savings and improvements in quality of service. Simulation was the key technique used to evaluate the various possible strategies, and it helped management to visualize their potential benefits. The application of these methods in the service sector, which deals with people rather than assembled parts, was the main challenge in this project.
The Israeli army used queuing analysis, simulation, and decision-support modeling to redesign its recruitment procedures. The analysis and simulation helped it to achieve significant savings and improvements in quality of service. Simulation was the key technique used to evaluate the various possible strategies, and it helped management to visualize their potential benefits. The application of these methods in the service sector, which deals with people rather than assembled parts, was the main challenge in this project. E ngineers frequently use computers to simulate in seconds processes that in reality can take weeks. This enables them to quickly evaluate procedural changes and to visualize new processes. Moreover, presented with the simulation results, managers can clearly envision the impact and potential benefits of various changes in the current system.
The right combination of simulations in the overall planning phase can have a critical impact on the success of the implementation. Simulation can serve as a testbed of ideas for improvements, which come from a critical analysis of processes and data, brainstorming, and consultation with experts. Even the simulation itself, or rather experimenting with it, can generate ideas (there is no solid methodology for starting over [Hammer and Champy 1993] ). Experience has shown that frequent discussions of simulation results and their implications can often replace lengthy, gradual implementations based on trial and error.
Most applications of simulation, queu-ing analysis, and decision support modeling help to solve manufacturing problems; less attention has been devoted to applying these techniques in the service sector, which deals with people rather than assembled parts. The reasons for this are clear, given the difficulty of controlling the movement of people between service stations according to global optimization considerations. Yet the benefit of such control in complex service facilities can be great.
We realized this point after conducting a series of computerized simulations to test possible improvements in the recruitment procedures of the Israeli army. The simulations we ran proved that such ability could enable the army to save money and to improve the quality of service in its recruitment procedures. Thus, although we did not know whether it was possible to implement such a control system, we continued to examine the impact of various routing algorithms. This strategy turned out to be beneficial, since the benefits the simulation predicted made it worthwhile to examine how such a control system could be implemented.
Overview
Israel has compulsory army service starting at age 18. Candidates for service are thoroughly examined a year before their recruitment, while still in high school, for placement purposes. Until 1995, when our project was implemented, there were six recruitment offices located around the country, each containing five major testing stations for all candidates and several small ones that examined selected candidates according to their personal profiles (these included medical specialists and tests for special skills required by different army units). Two examination days were scheduled for each candidate. In the first day, the candidate went through the admittance station where his personal data was gathered and confirmed, the premed station where he described his medical condition in a detailed form with the help of a doctor, and a psychometric exam. After several weeks, the candidate was contacted again to report for a personal interview and a standard medical examination. Depending on his medical form and the results from the medical examination, he might be referred to medical specialists for additional examinations.
Over 70 percent of the candidates did not finish the examinations during the two days scheduled and had to be recalled for extra visits. The recruitment offices were crowded, and the staff apparently worked at peak capacity. The offices were forecasted to fall further behind in the future as demand grew with the massive arrival of immigrants to Israel from the former Soviet Union and from Ethiopia (Israel's population grew by about 20 percent during the 1990s). The army considered building a new recruitment office to handle the growing demand.
The army assigned a group of engineers, headed by the second author, to investigate whether it had an alternative to this expensive option. The group's mission was to examine the problem and to advise the army whether it was possible to improve performance in the recruiting offices. Specifically, the two major goals were (1) to save money that would otherwise be required for adding personnel and floor space; and (2) to provide the candi-dates with better and faster service. In regard to the second goal, reducing recall visits took precedence over minimizing the total time the candidates spent in the office.
Preliminary Analysis
To examine the entire process in the framework of a queuing system composed of service stations and customers, we needed to collect data. We asked candidates to fill out questionnaires, stating the time they arrived at the office, the time they arrived and left each station, the time they left the office, and the stations they did not have time to visit. Our analysis of data demonstrated the following: -More than 40 percent of the time people spent in the recruitment offices was spent waiting in lines or waiting for their paper files to be brought from one station to the next (although most data was saved in a database, several forms and documents related to the tests themselves were not computerized).
-Over two-thirds of the candidates had to return to the recruitment offices later to finish all the tests. Generally they were unable to finish all the tests in the scheduled two days because examiners were not available (most often medical specialists), documents were lost, or because they reached the last station after it had closed. For example, the examiners accepted no candidates for the three-hour psychometric examination after 2:00 PM (this policy was set following research that proved that candidates examined late in the day score lower on average than those examined earlier, apparently because they want to go home early or they lack concentration after a long day of examinations). As a result, candidates who arrived at this station after 2:00 PM had to come back at a later date. -To avoid the long queues, many candidates arrived at the office long before it opened and stood in a long queue. They were wrong: the data showed that those who arrived later in the day spent less time in line.
Next, we conducted brainstorming sessions with office personnel outside the workplace. We later found out that these sessions helped the office personnel to
The ratio between service and waiting times improved from 59:41 to 84:16.
participate actively in implementing the changes. We wanted to understand better the existing process and constraints and to compose a list of possible changes in the work routine. The figures we had collected, which often surprised them, served as a basis for many of these sessions. To find out whether existing restrictions resulted from necessity or tradition, we consulted specialists in various fields (information system experts, psychologists, and so forth). We realized that apart from the admission, which has to be first, and the medical station, which should precede the medical specialists, no station constituted a prerequisite to another.
The combination of the data analysis and the brainstorming sessions helped us make two observations that showed there was room for considerable improvement: -The offices sent candidates between stations in a rigid predefined order, largely to coordinate the flow of candidates and their files. To preserve confidentiality, office personnel carried the files, waiting until they had 15 before taking them to the next station. Candidates, therefore, waited for long periods between examinations. Having all candidates follow the same strict order caused unbalanced pressure on the stations. The medical station, for example, which was last in the predefined order, had no candidates to examine during the first few hours of operation, while the earlier stations had long queues. By 11:00 AM the line at this station peaked as other lines decreased.
-The paper and pencil psychometric examination took three hours. The testing room was not cleared until the last candidate finished his test, and therefore candidates in the next group had to wait. When the room was finally available, the examiners waited for the room to fill up before starting the next exam.
We realized that improving the flow of candidates and the scheduling of the psychometric tests could greatly improve performance.
The Simulation
Next we wanted to examine the impact of our various ideas on the objectives. The problem was too involved for an analytical model, and we could not experiment with the real system, so we used simulation to evaluate the various strategies.
We developed a simulation using a dialect of the SSS subroutine package [Pollatschek 1995] . The first version of the code was approximately 1,000 lines long (most of it for visualization of the queues), and its development took three months. We chose the recruitment office in the northern city of Haifa as our pilot.
The first step was to simulate the processes in the office in its current state, according to the data that we derived from the questionnaires. This stage was critical for identifying the parameters that affect the behavior of the queuing system. It took us another three months of fine-tuning the simulation model to produce results similar to those measured in the office. The office personnel gave us constant feedback, which helped us to adjust the model to conform to real life (for example, at first we did not include lunch breaks).
We realized that the following parameters are necessary: arrival-time distribution, routes, station data, and the order in which psychometric-examination rooms are filled.
The distribution of arrival time did not fit any known theoretical distribution, normal or otherwise. We therefore divided the day into half-hour intervals and represented each interval between 7:00 AM and 6:00 PM as a percentage value. We used percentage values instead of fixed numbers, because one of the parameters we wanted to evaluate was the capacity of the office per day. By multiplying the percentage values by this parameter, we created a piecewise linear arrival distribution.
Most candidates visited the testing stations in the same rigid order during their first two examination days. Others came back to finish the examinations not completed during their previous visits, to take additional tests, or to be examined by medical specialists. The completed questionnaires revealed that 99 percent of the candidates took one of 19 possible routes. Using the data gathered, we calculated the frequency with which these routes were taken. We defined each route simply as the ordered set of stations it included.
We defined each station according to the following parameters: number of workers, average service time, prerequisites required, opening and closing hours, and lunch breaks (during which the stations work in shifts).
While we considered the number and size of examination rooms as fixed, we defined as a parameter the order in which they are filled. The rooms in the office have different capacities, and the order in which they are filled affects waiting times. Typically we chose small rooms first, as the office personnel did. We also defined a
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parameter representing a time limit on waiting for each room to fill.
We took these parameters from the data we collected in the office. We knew that our simulation model corresponded to reality when the simulation results fit the other figures we had collected, such as average waiting time in queues and the number of candidates who did not complete their tests in each day.
After concluding this step, we started simulating various scenarios. Although we were unsure of the engineering and budget constraints governing what changes we could implement, we tried different options using simulation to find the most desirable changes and demonstrate them to the managers. For example, we studied the implications of various arrival patterns of candidates, although at that time we did not know how we could control these patterns. We created a more detailed list of desirable changes, which we then analyzed in terms of feasibility and possibility of implementation.
During subsequent simulation runs, we systematically changed the arrival patterns and station data. Targeting a traditional bottleneck in the system, we also examined the implications of individualizing the psychometric test. We also examined different flexible routing rules, taking into account the few real interdependencies between the stations.
Our new model reflected our wish to conclude all the tests for most candidates in one day. We based our initial routing algorithm on the shortest-line principle. Later we changed it to the shortest expected waiting time (queue length multiplied by average service time, divided by the number of active workers at the station). This algorithm found a local optimum, which did not achieve sufficiently good results. We needed to alter the algorithm so it would consider global factors and handle bottlenecks.
First, we realized that many candidates did not arrive at the psychometric test before 2:00 PM. Since minimizing the number of visits to the office took priority over reducing the waiting time between stations, we wanted to change this even if it increased the total waiting time. We changed the algorithm so that as of 11:00 AM, the program calculated two stations ahead rather than one. For example, a candidate who at 1:00 PM still had two stations left, including the psychometric examination, and whose expected waiting time plus service time could prevent him from arriving before 2:00 PM at the psychometric station, would be sent to the psychometric station first, even if that increased his overall expected waiting time.
Another problem was that the medical station became a bottleneck. During the morning, most stations were fairly empty, and the routing algorithm distributed the candidates equally among them. The simulation showed that later, when the office started to fill up, the medical station, which was a prerequisite for the specialists, became a bottleneck (primarily because of the low number of doctors). The specialists' stations had too few candidates in the mornings, wasting working hours. The unbalanced utilization often forced candidates to make additional visits.
Because of organizational and budget constraints, we had to assume that we could not increase the number of doctors in this station. Therefore we had to solve the problem by better utilizing their time. We wanted to give the medical stations priority in the morning hours. We noticed that during the first two hours, waiting times in most stations were equal to zero, so we started with a first-among-equals policy, that is, out of all lines with minimal expected waiting time, candidates were sent to the medical station first. When that was not enough, we defined T, the maximum expected time difference under which the medical stations would have priority. The higher this value, the higher the priority. We found the desired T by analyzing its effect on the overall average time in queues throughout the day and the number of recalls.
After many simulations, we arrived at a configuration that reduced the average number of visits of a candidate to almost exactly one and yet was very economical in terms of personnel.
Implementation
After a year, we solidified our implementation plan. In addition to solving the problems of control, we wanted to use this opportunity to change the design of the recruitment office and improve its ability to serve its purpose.
The following list includes some of the major implemented changes: -We reduced the use of personal files. A new computer system was introduced, which eliminated the need for personal paper files, except for medical records. This reduced the need for a rigid flow, saved the time wasted waiting for files to be carried between stations, eliminated lost documentation, and reduced the possibility of human errors.
-To control and route candidates to stations in a parallel manner, the military set up a computerized system using the office VAX machine and its terminals. The new system supports the following process: (1) On arrival, candidates are given barcode cards associated with their ID numbers.
(2) Near each station is a large terminal screen that lists the people waiting in the queue according to their arrival order. Candidates use their bar-code cards to register arrival at each station. The list is updated again by the station worker as the candidate enters and leaves service. (3) When a candidate checks out of a station, the routing system indicates what station to go to next, according to the shortest-expected-waiting-time algorithm. The candidate follows the same procedure at each station until he completes all the prescribed activities. If he tries to register at a station other than that assigned, a warning message appears on the screen and he is not admitted to the queue. (4) If a candidate arrives at the exit station before the end of the process, a warning message appears on the nearby screen with the list of stations he has not yet completed.
The system constantly maintains data concerning the queues' length, the number of workers, the number of candidates scheduled for the day, the number of candidates who have arrived, and the number of candidates who have completed the tests. A comprehensive monitoring screen displays this data in a dynamic bar chart; it is similar to the monitoring screen of a computerized job shop. This screen helps an operator to manually intervene in the scheduling decisions, although such intervention is rarely needed. -The psychometric examination has been computerized and therefore personalized, since there is no need for candidates to wait for the room to fill or empty. This also reduced personnel because examination sheets are no longer passed through a scanner.
Candidates take exams on PCs in a LAN connected to the main office computer. When the candidate enters his ID number, the system brings up the appropriate exam (candidates take different examinations, sometimes in different languages). The immediate transfer of the results to the main computer is one of the key improvements that enables the recruitment office to decide on the candidate's post and recruitment date on the same day. This was not possible with the paper-andpencil examinations, which had to be processed manually. -Candidates are scheduled for arrival times evenly distributed over the morning, and those who arrive earlier than scheduled are not admitted until their scheduled times. Candidates coming from afar are scheduled to arrive later in the day than those who live near by.
-Not all medical specialists work every day, and therefore the plan must take their schedules into account in scheduling appointments. A medical form is sent to each candidate about two months in advance of his scheduled visit with a request that he state any special illnesses he has and attach appropriate documentation. After the forms come back to the office, a physician assigns the candidates for examination by appropriate medical specialists. The candidates are then scheduled for days on which the specialists are available. This advance paperwork enabled the office to eliminate the premed station altogether.
With the medical form, the recruiting office sends an explanation of the new system. Upon entering the office, the candidates are also given a sketch of the building showing the various stations. This increases the candidates' cooperation and encourages them to come on time.
-The internal office was reorganized by professional subunits (for example, one subunit is responsible for personal interviews and psychometric tests). This helped the managers of these subunits to coordinate their staffs. The areas assigned to the units were painted in distinct colors and clear instructional signs were put up to help candidates find the stations. Considerable effort was made to make the place pleasant and functional. The internal reorganization and construction were the major expenses of the project.
Results
Given the complexity of the process, many people were surprised at how accurate the simulation was in its predictions. Since the new system provided such details as the exact time a candidate joined each queue and the accurate service time, we could analyze the data immediately and adjust the parameters accordingly. Few changes were needed. One of the adjustments that made things better was dynamic calculation of average service time spent at each station (originally these data were taken from tables containing the averages). This way the system is sensitive to the personal differences between the workers in each station.
The main result is that 99 percent of the candidates finish all their tests in one day, in an average of four hours (Table 1) , and with shortened waiting times in the various stations (Figure 1) . The ratio between service and waiting times improved from 59:41 to 84:16 (Figure 2) . Thus, we achieved the goal of improving service by reducing the number of visits to the office and reducing the average waiting time.
The financial effects were immediate and immense. Using the same workforce and facility, the office's throughput has more than doubled. On average, each candidate was spared a day and a half at the office. A month after we implemented the new system, a smaller office in the same city became redundant and closed. With the addition of a small number of personnel, the larger office took on its workload. The decision to close the small office was made after the simulation showed that adding one doctor and a few workers at one station would make the merge feasible.
Since the new system reduced the number of visits candidates made to the office to less than half, the office saved on transportation expenses (the office covers can-didates' transportation costs) and on filing time. Because stations now work online, the various test results are integrated automatically and the candidates are briefed on future steps before they leave the office. Previously this briefing was a lengthy process of correspondence by mail.
After we confirmed the successful results of the pilot project, all the other recruitment offices in the country implemented the same changes in less than a year and achieved similar results. The most significant saving came from merging the two biggest offices situated in Tel Aviv. The cost of the spared building alone covered the expenses of the entire project.
The overall cost for implementing the new system at four offices was $3.6 million (most of it for construction and setting up the LANs for the computerized exams). The savings included $3.3 million for the closed offices plus $350,000 annually for reduced personnel, traveling costs, office expenses, and so forth.
We believe that the data analysis and simulation made these results possible. It improved our planning abilities, and helped secure the support of management and the concentrated effort of the staff. Without these two crucial factors, the project would have failed.
We launched the new system in mid-1995. Since then, the simulation is still used on a regular basis. We built a new user interface thereby enabling the office personnel to use the simulation themselves by changing parameters in tables. The simulation is now used for operational decisions. For example, the number of employees in the office changes frequently, especially in the personal-interview station. The office uses the simulation to determine the monthly arrival distribution and the desired placement of the workers according to these varying constraints. It also uses simulation when it needs to change the process. For example, in considering a plan to lengthen the computerized psychometric exam by 25 minutes, it used simulation to determine the number of additional PCs to acquire. Simulation became a standard tool operated by nonengineers, which enables accurate planning as was never possible before.
Lieutenant Colonel Shlomit Elad, IDF, Haifa Recruitment Office, Haifa, Israel, writes: "Since 1994 I have been the commander of the recruitment office in Haifa. This office hosted the pilot of the reengineering project to improve the recruitment process. The major elements of this project are described in the paper . . . "We are doing a better job now and it is more than twice as fast, yet we are operating with less people and less resources. In addition to the two buildings that were spared while implementing the project, hundreds of thousands of shekels are saved every year because of the reduced staff and other efficiency measures that we undertook in this project. All of this was achieved by innovative thinking, the use of new methodologies, and most importantly, a strong will of everybody involved to make a change.
"Now, when our 'customers' (the candidates for army service) first encounter the military, they see a more efficient and friendly system. The manpower division, on the other side, enjoys a more accurate sorting system (there are less errors now, and more control over the sorting procedures) that is carried out with significantly less expense.
"The project, which is considered to be a major success (and won two major national prizes), is a source of pride for everybody who took part in it."
